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i. Chapter title: In vitro anther culture for doubled haploid plant production in spelt 
wheat  
 
ii. Abstract:  
Doubled haploid (DH) plant production belongs to modern biotechnology methods of plant 
breeding. The main advantage of DH plant production methods is the development of 
genetically homozygous lines in one generation, while in conventional breeding programs 
the development of homozygous lines requires more generations. The present chapter 
describes an efficient protocol for DH plant production in spelt wheat genotypes using in 
vitro anther culture. 
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1. Introduction 
In the last decades, spelt wheat (Tritium spelta L.) has become an attractive species in 
research and breeding programmes of cereals because of many beneficial traits of its; high 
nutritional value, wide adaptability, abiotic stress tolerance, high tillering ability and biomass 
production [1-5]. In organic farming system, spelt is one of the most preferred species due to 
these attributes. The interest in spelt wheat is increasing in human consumption because of 
high protein content, minerals (Zn, Cu, Fe) and other bioactive compounds [3, 6-11].  
In research and breeding of crop plants, many effective methods can be applied to reduce 
the long process of breeding and increase the efficiency of breeding programs. The doubled 
haploid (DH) plant production techniques belong to these biotechnological methods of 
modern plant breeding [12-17]. One of the main advantages of DH plant production methods 
is the production of homozygous lines during the time of one winter cereal season. 
Homogeneity is one of the essential requirements in the breeding of new varieties and 
hybrids. Furthermore, the DH plant production methods can be combined with other breeding 
strategies such as marker assisted selection, mutation or transgenic technologies [18, 19]. 
In crop plants, there are three frequently applied DH plant production methods, namely 
(i) chromosome elimination, (ii) anther culture, and (iii) isolated microspore culture. 
Recently, the in vitro anther culture has proved to be an efficient method for DH plant 
production in spelt wheat via more tested spelt genotypes and F1 combinations [20-23]. In 
the last years, our purposes were to screen the responsivity of spelt genotypes in anther 
culture and establish an efficient DH plant production method for breeding of this species.  
 
4 
 
2. Materials  
2.1 Equipment 
1. Conditioned glasshouse for growing of donor plants and regenerated, transplanted 
plantlets (see Note 1) 
2. Volldünger chemical fertilizer (N:P:K:Mg = 14:7:21:1, plus 1% microelements: B, 
Cu, Fe, Mn, and Zn) 
3. Cold chamber for vernalization of winter type spelt genotypes 
4. Inverted microscope (see Note 2)  
5. Clean bench (see Note 3) 
6. Incubators (32 °C and 28 °C) 
7. Autoclave for media preparation 
8. TissueLyser II 
9. Flow cytometer 
10. Standard laboratory equipment: balance, pH meter, fridge, freezer, pipettes, tweezers, 
scissors, Eppendorf tubes  
 
2.2 Culture Containers 
1. Petri dishes (90 mm) for anther culture 
2. Petri dishes (90 mm) for plant regeneration of embryo-like structure (ELS) 
3. Sterile plastic containers (100×140×103mm) for rooting of in vitro green plantlets 
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4. Plastic racks (6×11 places) for acclimatization of anther culture-derived plantlets in 
glasshouse 
 
2.3 Solutions and culture media 
1. Sterilizing solution: 300 ml 2% NaOCl solution with one drop Tween-80. 
2. All the media used for androgenesis induction, plantlet regeneration and rooting are 
described in Table 1 (see Note 3). 
3. Galbraith buffer for flow cytometry 100 ml [24]: 912.5 mg MgCl2.6H2O, 887.5 mg 
Na-citrate, 412.5 mg MOPS, 100 µl TritonX100, adjust pH to 7. 
4. 1 mg/ml RNase solution for degradation of RNA content. 
5. 1 mg/ml Propidium iodide solution for DNA staining.  
 
3. Methods 
3.1. Growing of Plant Materials 
1. Sow the seeds of the selected donor genotypes in greenhouse (see Notes 1, 4).  
2. Transfer the germinated winter type genotypes at 4 °C for 8 weeks with continuous 
artificial dim light during the vernalization period.  
3. Transplant the vernalized donor plants to 2 L plastic pots containing a 1:1 ratio of 
peat and sandy soil mixture.  
4. Fertilize the donor plants with Volldünger chemical fertilizer once in a fortnight.  
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5. Adjust 20/15 °C day/night temperature for plants, respectively. Natural light can be 
supplemented with 3 h artificial light until the collection of donor materials.  
6. Apply the required fungicides for protecting donor plants and remove the weeds 
manually. 
3.2 Pre-treatment of Donor Tillers 
1. Check the developmental stages of microspores with the inverted microscope (see 
Note 2). Crush the anthers of donor genotypes in a drop of tap water to monitor the 
microspore population under the microscope.  
2. Collect the tillers of donor genotypes containing anthers with early- and mid-
uninucleate, vacuolated microspores (Fig. 1a).  
3. Place the collected tillers into Erlenmeyer flasks containing tap water and cover by 
PVC bags to keep high humidity.  
4. Pre-treat these tillers at 3–4 °C for 14 days (see Note 5). 
 
3.3 Preparation of Anther Cultures 
1. Check again the developmental stages of microspores under the inverted 
microscope.  
2. Sterilize the spikes containing anthers with early- and mid-uninucleate, 
vacuolated microspores in sterilizing solution for 20 min on a horizontal shaker.  
3. Rinse the spikes three times with autoclaved sterile distilled water in laminar air 
flow cabinet (see Note 3). 
4. Isolate 300 anthers manually with two tweezers in each 90 mm diameter glass 
Petri dish containing 12 ml ‘W14mf’ induction medium [25, 26].  
5. Place the anther cultures at 32 °C to apply heat shock during the first three days 
of culture.  
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6. Keep the Petri dishes at 28 °C for eight weeks in an incubator in darkness (see 
Note 5). 
 
3.4 Plant Regeneration of Anther Culture-Derived ELS 
1. Transfer the well-developed ELSs (Fig. 1b) with a size of 1–2 mm to 90 mm 
diameter plastic Petri dishes (see Note 5) containing ’190-2Cu’ plantlet 
regeneration medium [27]. In this regeneration medium (Table 1), the 
microspore-derived ELSs regenerate green and albino plantlets within two 
weeks (Fig. 1c).  
2. Transfer the well-developed green plantlets with two-three leaves into sterile 
plastic containers (Fig. 1d) containing ‘190-3Cu’ medium for rooting (Table 1) 
[21]. Up to fifteen green plantlets can be placed in each plastic container.  
3. Adjust the temperature to 24 °C and photoperiod to 16/8 h day/night during the 
plantlet regeneration period. 
 
3.5 Acclimatization of Anther Culture-Derived Green Plantlets 
1. In glasshouse, transplant the well-rooted green plantlets from plastic containers 
into plastic racks (66 plantlets/rack) containing the above mentioned 1:1 peat 
and sandy soil mixture (Fig. 1e).  
2. Cover the plantlets with a transparent plastic cover during the 3–4 day-long 
acclimatization period (see Note 6). The acclimatized plants are grown in the 
glasshouse following the above-mentioned growing protocol for donor plants. 
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3.6 Flow Cytometry 
The ploidy level of the plantlets can be determined by flow cytometric analysis.  
1. Collect leaf samples from plantlets grown in the glasshouse.  
2. Isolate the nuclei from the young leaf of plantlets.  
3. Disrupt the samples in Eppendorf tubes containing 1ml Galbraith buffer using a 
TissueLyser II at 20 Hz for 1.5 min [24].  
4. Purify the suspension using 20 µm sieves. 
5. Add 10 µl RNase solution to each sample for 60 min at room temperature to degrade 
the RNA content.  
6. Stain DNA with 40 µl PI solution for 30 min at room temperature.  
7. After the preparation of samples (see Note 7), determine the DNA content of samples 
based on histograms of flow cytometric analyses (Fig. 2). 
 
3.7 Growing of Anther Culture-Derived Plantlets in DH Nursery 
1. Transplant the acclimatized anther culture-derived, winter type plantlets 
manually in the nursery in October (see Note 8).  
2. Water the plantlets as needed to support the development of new roots and 
acclimatization of the plantlets to field conditions.  
3. Harvest the spikes of the fertile DH plants next July. 
4. Determine the percentage of spontaneous genome doubling based on seed 
production. 
 
3.8 Integration of DH lines into breeding program 
In the following generation, sow the seeds of each DH line in one or more row system or 
microplot depending on the breeding system used (see Note 9). 
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4. Notes 
1. The quality of donor plants is one of the most important critical factors which 
influence the efficiency of in vitro androgenesis in anther culture. The healthy 
(grown under ideal growing condition) donor plants, tillers and spikes are important 
for large-scale DH plant production. According to the needs of spelt genotypes, the 
donor plantlets can also be grown in well-controlled glasshouse or in breeding 
nursery. 
2. The developmental stage of the microspores is one of the most critical factors in the 
induction of in vitro androgenesis of spelt wheat. Early- and mid-uninucleate, 
vacuolated microspores are ideal for efficient androgenesis induction in spelt wheat 
anther cultures, which can be checked quickly and easily in a drop of tap water under 
inverted microspore.  
3. The anther culture method requires in vitro manual work (isolation of anthers, 
transfer of ELS and green plantlets). So, the sterile work practice is a key factor in 
the implementation of tissue culture. However, the application of antibiotics is not 
necessary in anther culture of spelt wheat, accurate sterile work is sufficient.  
4. The genotype influences the efficiency of in vitro anther culture of spelt wheat 
genotypes [21-23]. Based on data of 26 spelt wheat genotypes, significant numbers 
of in vitro green plantlets (6.3-85.0 green plantlets/100 anthers) can be produced 
using our protocols, while the number of albino plantlets is moderate. It is worthwile 
using more genotypes in the adaptation of the method. 
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5. Following the time table (time of donor collection and pre-treatment, ELS and green 
plantlets transfer etc.) is also critical for the efficient application of method. The 
significant delays of different steps can decrease the efficiency of green plantlets 
production.  
6. In vitro plantlets are sensitive to the quick changing of humidity. The plantlets should 
be transplanted into plastic racks as quickly as possible and covered by a transparent 
plastic cover, which can be removed after the acclimatization period (3-4 days). 
7. The preparation of samples is a critical step in flow cytometric analysis. Optimization 
of sample preparation may be required depending on the growing conditions of the 
plantlets (in vitro plantlets, glasshouse-grown plantlets or field nursery grown 
acclimatized plantlets). 
8. The ploidy level of anther culture-derived plants can be determined by flow 
cytometric analysis. The haploid and doubled haploid plantlets can be separated 
based on the histograms of analyses to transplant the doubled haploids and save  
field in the nursery. Generally, acclimatised plantlets are grown in nursery. 
9.  The homogeneity of DH lines can be checked visually in DH1-2 generations in the 
nursery. The segregating lines (somatic tissue-derived plants, cross polination, 
seedmixing, volunteer plants) can be identified based on their phenotype. Molecular 
marker analyses are well-founded in scientific research programmes such as QTL 
analyses. 
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Tables 
Table 1. Ingredients of media for induction of in vitro androgenesis, plantlet regeneration and 
rooting in spelt wheat. 
 
Ingredients ‘W14mf’ induction 
medium mg/L 
‘190-2Cu’ regeneration 
medium mg/L 
‘190-3Cu’ rooting 
medium mg/L 
KNO3 2,000 1000 1000 
K2SO4 700 - - 
NH4H2PO4 380 - - 
CaCl2 × 2H2O 140 - - 
MgSO4 × 7H2O 200 200 200 
KH2PO4 - 300 300 
(NH4)2SO4 - 200 200 
Ca(NO3)2 × 4H2O - 100 100 
KCl - 40 40 
Na2EDTA  37.3 37.3 37.3 
FeSO4 × 7H2O  27.8 27.8 27.8 
MnSO4 × 4H2O 8 8 8 
ZnSO4 × 7H2O 3 3 3 
H3BO3 3 3 3 
KI 0.5 0.5 0.5 
CuSO4 × 5H2O 0.025 0.5 0.5 
CoCl2 × 6H2O 0.025 - - 
Na2MoO4 × 4H2O 0.005 - - 
Thiamine HCl 2 1 1 
Pyridoxine HCl 0.05 0.5 0.5 
Nicotonic acid 0.05 0.5 0.5 
Myo-Inositol - 100 100 
Glycine - 2 2 
Maltose 80,000 - - 
Sucrose - 30,000 30,000 
2,4-D 2 - - 
Kinetin 0.5 0.5 - 
NAA - 0.5 2 
pH 5.8 5.8 5.8 
Ficoll 100,000 - - 
Gelrite - 2,800 2,800 
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Figure legends  
 
Fig. 1 (a) Uni-nucleate, vacuolated microspore for induction of in vitro androgenesis in 
spelt wheat. (b) Microspore-derived ELS develop in anther culture after four-five weeks 
of cultivation. (c) The ELS produce green- and albino plantlets onto regeneration 
medium. (d) The green plantlets produce roots in plastic boxes (15 green plantlets/box), 
(e) which acclimatize to the greenhouse conditions. Bars: A: 10 µm; B: 5 mm; C: 10 
mm. 
 
Fig. 2 Ploidy level determination of anther culture-derived plantlets based on flow cytometric 
analysis. Histograms of (a) seed-derived control, anther culture-derived (b) haploid and (c) 
spontaneous diploid plantlets. 
 
